Including type strains, mitochondrial cytochrome b genes of 32 strains of Candida albicans and 6 strains of Candida stellatoidea, presently treated as a synonym for C. albicans, were partially sequenced. Analysis of 396-bp nucleotide sequences of the strains under investigation divided C. albicans isolates into three types: type I, type II, and type III; however, strains of C. stellatoidea represented distinct type IV isolates. Deduced amino acid sequences of type I, type II, and type III were identical and differed from that of type IV by one amino acid. Genotypes (rDNA type) of the test strains were also checked. Cytochrome b typing did not correlate with genotyping, and different genotypes occurred for one cytochrome b type. This study shows that cytochrome b gene sequences are useful for analyzing the genetic relatedness of C. albicans isolates and effective for differentiating C. stellatoidea from C. albicans.
phoretic analysis (20) and confirmed by additional DNA reassociation studies (9) . The opposite occurred when Sullivan et al. (23) described Candida dubliniensis, which resembles C. albicans in germ tubes and chlamydospores production, as a new species from the nucleotide differences of the V3 region of the large-subunit rRNA gene sequences of several atypical C. albicans strains. The proposal was supported by Gilfillan et al. (6) from the sequence studies of small rRNA genes and was confirmed by Donnelly et al. (5) based on the differences of the ACT1 intron and exon sequences of the two yeasts.
Strains of C. albicans are distributed into three genotypes-A, B, and C (15) . C. dubliniensis had a distinct genotype, genotype D, and C. stellatoidea shared genotype with genotype B C. albicans. These genotypes are based on the PCR amplification product sizes (genotype A, a single band of ϳ450 bp; genotype B, a single band of ϳ840 bp; and genotype C, two bands of ϳ450 and ϳ840 bp) of the intron-containing region in the 25S rDNA (15) .
C. stellatoidea was first isolated from the vaginal tracts of women by Jones and Martin (8) in 1937 and was described as a new species by Martin et al. (14) . When the high DNA homology between C. stellatoidea and C. albicans was discovered, the phenotypic difference of sucrose assimilation was no longer considered to be sufficiently significant to warrant classifying these yeasts as separate species (17, 18, 19) . The opinion over the taxonomic relationship between type I C. stellatoidea and C. albicans still differs. Kwon-Chung et al. (10) found two distinct genotypes among the isolates of C. stellatoidea, type I and type II. There is also evidence that C. stellatoidea type II does not express sucrose-inhibitable alphaglucosidase and is a sucrose-negative mutant of C. albicans (12) . However, type I C. stellatoidea cannot be treated as a simple mutant derived from C. albicans since it differs from C. albicans in several major genetic characteristics (11) .
Our previous studies have shown that interspecies variations were more than 10 and 7%, respectively, for nucleotide and amino acid sequences for mitochondrial cytochrome b genes of the major pathogenic Candida species (25) . Here we tested whether sequences of the cytochrome b gene could be used to discriminate intraspecific variants of the pathogenic yeast C. albicans or could be effective to differentiate C. albicans from C. stellatoidea. We also determined genotypes (rDNA types) of the tested C. albicans strains to determine the relationships of cytochrome b types and genotypes. C. albicans strains used in this study are shown in Table 1 . Total DNA extraction, PCR amplification of the cytochrome b gene, and direct DNA sequencing were carried out as described previously by Yokoyama et al. (25) . The partial sequences of the mitochondrial cytochrome b gene determined in this study have been deposited in the DDBJ data library under the accession numbers shown in Table 1 . DNA and deduced amino acid sequences were aligned using the program GENETYX-MAC Genetic Information Processing Software (Software Development Co. Ltd., Tokyo, Japan) and were analyzed by the unweighted pair group method with arithmetic mean (UPGMA). Genotypes of the C. albicans strains in Table  1 were determined according to the method of McCullough et al. (15) , amplifying the site of the transposable intron in the 25S rDNA.
The cytochrome b gene type and genotype (rDNA type) of each C. albicans strain are shown in Table 1 . Analysis of the 396-bp nucleotide sequence, corresponding to positions 445 to 840 in the Candida glabrata cytochrome b coding sequence (2, 25) , indicated substitutions at only three positions (Fig. 1) . Based on these differences, cytochrome b of C. albicans could be divided into four types: type I, type II, type III, and type IV ( Fig. 1 and Table 2 ). Deduced amino acid sequence analysis indicated that only one of the three substitutions was nonsynonymous, and type I, type II, and type III strains represented identical amino acid sequences ( Fig. 2 and Table 2 ). The type strain of C. albicans, IFM 48311 (CBS-562), had cytochrome b type I, and all strains of C. stellatoidea tested, including the type culture, IFM 48312 (CBS 1905), had cytochrome b type IV. (IFM is the Institute for Food Microbiology, presently at the Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University, Chiba, Japan.) The type strain of C. albicans differed from the type strain of C. stellatoidea by three nucleotides and one amino acid in the cytochrome b gene sequences ( Table 2 ). The UPGMA tree also represented the distinct position of C. stellatoidea (Fig. 3) . The correlation of cytochrome b gene types and genotypes is shown in Table 3 . For one cytochrome b type, different genotypes were found. However, the majority of strains of cytochrome b type I had genotype A, and the majority of strains of cytochrome b type IV had genotype B.
Because of the relative ease and rapidity of performing the analyses, molecular biology-based methods, mainly restriction enzyme analysis, pulsed-field gel electrophoresis karyotyping of chromosomal DNA, and RAPD analysis have become routinely used for DNA typing of C. albicans over the last decade. Each of the three methods has both benefits and drawbacks; however, restriction enzyme analysis and RAPD analysis methods of DNA typing of C. albicans isolates have greater discriminatory powers (Ͼ50 discrete subtypes by each method) than pulsed-field gel electrophoresis karyotyping (3). Molecular biology methods that have been used to differentiate type I C. stellatoidea from C. albicans are electrophoretic karyotyping (10, 11) , mitochondrial DNA restriction fragment patterns (11), cellular DNA RFLPs (13), hybridization of cellular DNA with midrepeat probes (11), or electrophoretic pattern of total tRNA samples (22) . The two yeasts can also be differentiated by multilocus enzyme electrophoresis analysis (21) , by pyrolysis-mass spectrometry and Fourier transform-infrared spec- I  II  III  IV   I  0  0  1  II  1  0  1  III  2  1  1  IV  3  2  1 a Data in the lower left portion of the table refer to nucleotide differences and data in the upper right portion refer to amino acid differences. troscopy (24) or by fluorophore-assisted carbohydrate electrophoresis of oligosaccharides (7). Recent sequence-based studies have shown that C. stellatoidea differs from C. albicans by three bases in nucleotide sequences of group I self-splicing introns found in the large rRNA subunit (1), by four bases in the V2 region (1), and by only one or two bases in the V3 region (23) .
This is the first step to use sequences of the mitochondrial cytochrome b gene for determination of the genetic relatedness of C. albicans isolates. Although C. stellatoidea is presently treated as a synonym for C. albicans (18) , it is interesting that the type strain of C. albicans (cytochrome b type I) differs from the type strain of type I C. stellatoidea (cytochrome b type IV) by three bases, of which one is nonsynonymous, while the deduced amino acid sequences of type I, type II, and type III are identical. Five other C. stellatoidea strains examined in this study, IFM 5422, IFM 5491, IFM 5745, IFM 5772, and IFM 40021, represent identical sequences to the type strain of type I C. stellatoidea (IFM 48312). Except IFM 5422 (genotype A), all other C. stellatoidea strains represented genotype B. In another study, all isolates tested had genotype B (15) . However, IFM 5422 is the only isolate that had an exception. Another interesting finding of this study is that the evolution of rDNA does not correlate with mitochondrial DNA such as the cytochrome b gene, at least for C. albicans strains, and as a result different rDNA types occurred for one cytochrome b type.
It has been postulated that there is a direct causal relationship between the presence of the group 1 intron in the 25S rDNA of C. albicans isolates (genotype B) and the level of resistance to flucytosine (16) . This study did not include any strain resistant to flucytosine. However, four fluconazole-resistant strains (IFM 46907, IFM 46908, IFM 46909, and IFM 46910) included two that were genotype A, which does not contain the group 1 intron in the 25S rDNA, and the other two were genotype C, which contains two types of 25S rDNA showing both the presence and the absence of the group 1 intron.
In conclusion, this study has shown that cytochrome b gene sequences are useful for analyzing the genetic relatedness of C. albicans isolates. The study also reveals that cytochrome b sequences of type I C. stellatoidea differ from those of C. albicans at the nucleotide as well as amino acid levels.
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